OBJECTIVES: Thoracic surgeons being doctors, spend much effort not only to manage pathologies but also to make their procedures painless. Many surgical manoeuvres have been evolved to reduce post-thoracotomy pain with its associated morbidities. This trial aimed to study the impact of double edge closure technique on post-thoracotomy pain.
INTRODUCTION
Thoracotomy is widely recognized as one of the most painful surgical procedures. Post-thoracotomy pain is frequently an important risk factor in the pathogenesis of several post-surgical complications [1] . Studies have shown that high levels of immediate postoperative pain are associated with an increase in the likelihood of chronic pain [2] . Chronic pain following thoracotomy or the postthoracotomy pain syndrome (PTPS) is defined as 'Pain that recurs or persists along a thoracotomy scar at least 2 months following the surgical procedure [3] '. Chronic pain was reported in 40-80% of patients after thoracotomy [4] . Because most of post-thoracotomy pain, either acute or chronic, has been attributed to inadvertent injury of the intercostal nerves during surgery, surgeons have devised ways to minimize this [5] . Efforts to protect the upper, the lower or both intercostal nerves have been made, with varied results. Techniques that protect the upper nerve through intercostal muscle flap harvesting and the lower nerve through intracostal sutures or edge closure lead to the best reduction in the acute and chronic post-thoracotomy pain [4, 6, 7] . This trial aimed to study the impact of protection of both intercostal nerves without need for neither intercostal muscle flap nor intracostal sutures on postoperative pain. We compared patients in whom both nerves were protected by applying the edge closure technique on both the caudal and cranial ribs, and patients who had no nerve protection. Patients were divided randomly into two groups: the first group included 60 patients in whom double edge technique was used for closure of the intercostal space (DE group), and the other group included also 60 patients in whom conventional pericostal sutures were used (PC group) (Fig. 1) .
All patients had a thoracic epidural catheter, which was inserted just prior to induction of general anaesthesia and removed on the third postoperative day. All patients had the standard posterolateral thoracotomy with division of the latissimus dorsi muscle and preservation of the serratus anterior muscle. The thoracic cavity was entered through the fifth or the sixth intercostal space except when the diaphragm needed to be dealt with, the seventh or the eighth space was used. If buttressing of the bronchial stump was needed, pleural or pericardial flap was used instead of intercostal muscle flap.
In the (DE group), closure was done by four to six simple sutures (no. 2 polyglycolic acid). By using a dissecting forceps or low electrocautery, intercostal muscle and neurovascular bundle were slightly peeled from the inferior edge of the lower rib and the blunt needle was inserted below the edge, tracing the back of the rib with the needle tip. This manoeuvre was repeated on the lower border of the upper rib and the suture was passed over the intercostal muscle corresponding to the space of thoracotomy (Figs 2 and 3) .
In the PC group, closure was done by four Z sutures (no. 2 polyglycolic acid) passed from the upper border of the rib of the lower intercostal space (seventh rib if the fifth space was opened) to the upper border of the rib corresponding to the space of thoracotomy. 
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Postoperative analgesic protocol was similar in all patients. It consisted of intravenous 1 g of paracetamol every 8 h in the first 2 days then oral during the following 5 days and on demand doses in the epidural catheter (10 ml of 0.25% bupivacaine).
The total operative time, length of incision, chest tube drainage, complications (if any occurred), the time needed until ambulation and postoperative hospital stay were recorded.
The primary outcome of this study was pain, which was measured by a blinded trained physician using the numeric rating scale from 0 to 10 (0 = no pain, 10 = extreme pain) [8] , which was explained to all patients preoperatively and was recorded postoperatively daily until the seventh day. Patients discharged before the seventh day were contacted by telephone to record the scale. Pain score and the use of analgesics at 2 weeks, 1, 3, 6, 9 and 12 months postoperatively were also recorded.
Based on the total number of patients received thoracotomy and the prevalence rate of post-thoracotomy pain reported in previous studies [4, 6, 7, 9] , sample size was calculated by Epi Info™ 7 Program to be 55 patients in each group with 95% confidence interval. Data are presented as mean ± standard deviation.
Statistical analyses were carried out using the Mann-Whitney U-test, t-test and χ 2 test. Comparisons of data were made with the overall α error set at 0.05 (two-tailed). Analyses were conducted with the SPSS version 20 software (SPSS, Inc., Chicago, IL, USA).
RESULTS
120 patients were randomly allocated to this study after exclusions and were equally divided between the PC and DE groups, with 60 patients each. There were no significant differences between the two groups with regard to age, sex, type of operation, side of the disease and operative time (Table 1) . There were 17 patients operated for malignant neoplasm in PC group and 14 patients in DE group.
Time to ambulation, epidural doses and postoperative pain score throughout the first week were significantly lower in the DE group but there were no significant differences between the two groups with regard to skin incision length, chest tube drainage, hospital stay or postoperative complications (Table 2 ). Patients in the DE group had a significantly lower pain score throughout the first 6 months postoperatively. Up to the third month postoperatively, there was significantly less use of analgesics among the DE group (Table 3) .
DISCUSSION
Post-thoracotomy pain is a significant issue faced by thoracic surgeons. Increased postoperative pain especially during hospital admission period leads to increased morbidity due to sputum retention and development of chronic PTPS [10] . Proper planning and provision of decreasing post-thoracotomy pain prevent atelectasis, pneumonia, pulmonary embolism and emergency intensive care admission. Also early ambulation and good respiratory physiotherapy averts hypoxaemia and hypercarbia with attendant ischaemia and arrhythmias [11] .
Post-thoracotomy pain was suggested to be mediated through both neuropathic and myofascial nociceptive pathways [12] . Almost all patients describe their pain as burning, numbness and searing in nature which suggest that neurological pain due to intercostal nerves injury forms the major component of postthoracotomy pain. Damage to intercostal nerves can occur during rib retraction or during thoracotomy closure. The damaged nerves lead to neural degeneration, axonal sprouting and neuromata formation which can generate persistent spontaneous nerve activity, resulting in both allodynia and hyperalgesia [13] . Many anaesthetic and pharmacological agents are used to decrease acute post-thoracotomy pain and hence chronic postthoracotomy pain but the wide use of these drugs carries the risk of its side effects and does not solve the problem completely [14] . This raised the need for developing surgical manoeuvres to avoid intercostal nerve injuries during thoracotomy as it is the main source of post-thoracotomy pain.
Cerfolio et al. [9] in 2003 used the numeric pain score similar to ours to assess the effect of protection of the lower intercostal nerve through intracostal suture and stated that it is less painful than pericostal suture at 2 weeks, 1, 2 and 3 months after thoracotomy. In 2010, Sakakura et al. [7] described pain reduction over a year postoperatively through his novel Edge closure method that also protects the lower intercostal nerve without need for drilling holes in the rib which seems to be time-consuming with risk of injury to the underlying lung or mediastinum.
We applied the edge closure to the lower and upper ribs and called it double edge technique which avoids any intercostal nerve entanglement during thoracotomy closure and compared it with the conventional pericostal suture method. Our two studied groups were homogenous with no significant difference regarding age, sex, type of operation and skin incision length.
Regarding the operative time, we found that there was no significant difference between the two groups. It was a matter of seconds to place each stitch in the DE group, nearly the same as the time needed in pericostal closure in contrast to the 3.650 ± 0.71 min reported by Sapkota et al. [14] about the time needed for an intracostal suture.
In our study, we found that the patients who had the double edge technique for their thoracotomy closure experienced significantly earlier postoperative ambulation with less need for epidural analgesia and less pain during the first week and this significant difference in pain score was maintained through the first 6 months postoperatively. At 9 months and 1 year postoperatively, pain scores for patients in the DE group was insignificantly less than those in the PC group. Our results are in agreement with the findings of Sakakura et al. [7] who reported that the use of edge closure technique to protect the lower intercostal nerve during posterolateral thoracotomy closure resulted in significant pain reduction up to 6 months postoperatively.
Our results regarding postoperative pain are in contrast to the findings of Sapkota et al. [14] . They investigated the effect of protecting both upper and lower intercostal nerves through intercostal muscle flap and intracostal suture on postoperative pain and found that these techniques led to a significant pain reduction during the first postoperative month with loss of this significance at the second and third month postoperatively. This lesser effect on long-term postoperative pain reduction seems to be due to shingle of the posterior 1 cm of the upper rib and sutures passage over the intercostal flap. So, to avoid lung herniation on chest closure, the two ribs were in direct contact and led to strangulation of the hanged intercostal flap with compression and ischaemia of the upper intercostal nerve.
Regarding postoperative use of analgesics, we found that there was significant analgesic use reduction in the DE group than PC group during the first 3 months after thoracotomy. After 6 months, no significant difference was present between both groups with regard to pain score or the use of analgesics.
Allama [4] reported similar results regarding reduction in postthoracotomy analgesic use through intercostal muscle flap and intracostal sutures. They used intramuscular 30 mg of ketorolac every 12 h during hospital stay as a part of their postoperative analgesic protocol while we used only 1 g of paracetamol every 8 h. They avoided compression of the upper rib by chest retractor during operative time but they passed sutures under the intercostal muscle flap to reposition it which resulted in compression of the upper intercostal nerve between the two ribs by sutures.
In conclusion, the double edge technique for thoracotomy closure is an easy, rapid, safe and effective procedure in reducing early and late post-thoracotomy pain with a resultant decrease of analgesic usage.
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